Sample population
Using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), all patients (≥18 years of age) with a diagnosis of cholangitis (ICD-9-CM code 576.1) admitted nonelectively from the emergency department were considered for the study, corresponding to a weighted national estimate of 248,942 cases.
Baseline patient and hospital characteristics
The following variables were available for all patients: age, sex, race (Caucasian, African American, Hispanic, Asian and Pacific Islander, Native American, other or missing), Charlson Comorbidity Index (CCI), day of admission (weekend, weekday), insurance status (private, Medicare, Medicaid, uninsured and other), socioeconomic status, annual hospital caseload, as well as hospital region, total bed size (small, medium, large), location and teaching status. Information regarding hospital region was obtained from the American Hospital Association Annual Survey of Hospitals, and defined by the United States Census Bureau (4). The CCI was derived from ICD-9 codes according to previously established criteria (5) and was stratified according to four levels: 0, 1, 2 and ≥3. Socioeconomic status was derived from median zip code income and was stratified according to quartiles: very low; low; high; and very high. Annual hospital caseload was defined according to the number of patients admitted with cholangitis at each participating institution during each study calendar year. Hospitals were divided into caseload quartiles, defined as ≤8, 9 to 15, 16 to 27 and ≥28. Hospitals were dichotomized into academic and nonacademic institutions. The hospital's academic status was obtained from the American Hospital Association Annual Survey of Hospitals. A hospital was considered to be a teaching hospital if it had an American Medical Association-approved residency program, was a member of the Council of Teaching Hospitals or had a ratio of fulltime equivalent interns and residents to beds ≥0.25. in-hospital mortality, length of stay and hospital charges In-hospital mortality information was coded from disposition of the patient. Length of stay (LOS), provided by the NIS, was calculated by subtracting the admission date from the discharge date. Prolonged LOS was defined as a hospital stay beyond the 75th percentile of 10 days. High hospital charges (HC) were defined as charges above the 75th percentile of $46,740. Patients with missing or invalid LOS, HC and in-hospital mortality status were not considered in the current study nor were patients transferred to another facility.
Procedures performed during hospitalization

Statistical analysis
Descriptive statistics focused on frequencies and proportions for categorical variables. Means, medians and ranges were reported for continuously coded variables. One-way ANOVA and χ 2 tests were used to assess the statistical significance of medians and proportions, respectively. Poisson regression models were used to evaluate the statistical significance of rate of utilization of ERCP, percutaneous, surgical and no drainage over time. Because the data are nationally representative, using year of admission as a continuous variable in Poisson model equates to a trend test that accounts for the variability of the volume estimate (6) .
Multivariable logistic regression models were used to adjust for confounding. Four models were created using, in turn, the use of ERCP, percutaneous drainage and surgical drainage, as well as the absence of a decompression procedure during the index admission as dependent variables, while adjusting for the effect of patient and hospital characteristics including hospitals with high volumes of admissions for cholangitis. Within each model, generalized estimating equations adjusted for clustering within hospitals. All tests were two-sided with statistical significance set at P=0.001. Analyses were conducted using the R statistical package version 2.15.0 (R foundation for Statistical Computing, USA).
rESulTS
Study sample, demographics and clinical characteristics
Overall, a weighted estimate of 248,942 patients admitted with cholangitis was identified. During the index admission, 106,933 patients did not require drainage (43.0%), 131,052 were treated with ERCP (52.6%), 10,486 with percutaneous drainage (4.2%) and 12,460 (5.0%) with surgical drainage (percentages not mutually exclusive). The median age of the patients was 70 years; 49.6% were men. Regarding comorbidities, 6.0% of patients had a CCI score of 0, while 90.6% had a CCI score ≥3. The majority (54.8%) of patients were Caucasian, 10.2% were Hispanic, 6.6% were African American, and 5.1% were Asian and Pacific Islander. They were mostly admitted during weekdays (72.3%). According to etiology of obstruction, 46.2% of patients had choledocholithiasis, 10.5% had malignant obstruction, and 43.4% had an unknown or other etiology of obstruction. A more detailed breakdown of demographics stratified according to treatment type is shown in Table 1 .
Trends in procedure use
Temporal trends of procedure use between 1998 and 2009 showed a significant decline in surgical drainage (from 8.2% to 2.8%; P<0.001), and more modest decreases in both percutaneous drainage (5.0% to 4.6%; P<0.001) and no drainage during the index admission (40.0% to 39.5%; P<0.001). Conversely, a rise in ERCP use was observed over the same period (from 54.2% to 57.0%; P<0.001). Figure 1 illustrates the complete temporal trends in procedure use.
Multivariable analyses
In multivariable analyses adjusting for clustering, no drainage procedure during the index admission was more likely in African Americans and neoplastic obstruction. Conversely, it was less likely in patients with advanced age, Hispanic, Asian and Pacific Islander background, patients with CCI score ≥3, and in hospitals with more admissions for cholangitis, greater bed number, in urban settings and with a teaching academic status. The use of ERCP was more common in older patients, Hispanics and those with CCI score ≥3 treated in hospitals with higher cholangitis caseload, greater bed number, in urban settings and with teaching status. ERCP was less likely to be used in African American patients with neoplastic obstruction. Percutaneous drainage was more often performed in patients of older age, CCI score ≥3, malignant obstruction and in hospitals with more admissions for cholangitis, hospital beds, in urban and teaching settings. Finally, surgical drainage was more likely in older, Asian and Pacific Islander, CCI ≥3 patients. It was performed less often in malignant obstructions and in hospitals with high cholangitis caseload. A list of all corresponding ORs and statistical significance is shown in Table 2. in-hospital mortality, high HC and prolonged lOS Mortality was 7.6% in the no procedure, 3.3% in the ERCP, 8.9% in the percutaneous drainage and 7.1% in the surgical drainage groups. There were fewer patients with a prolonged LOS (>10 days) in those undergoing no drainage or ERCP during the index admission (18.1% and 26.8% versus 55.5% and 55.6%, respectively); similar findings were noted for high HC (>$46,740) (20.0% and 32.7% versus 54.7% and 51.0%). Associations are more completely shown in Table 3 .
DiSCuSSiON
The treatment of ascending cholangitis has evolved considerably over the past few decades. With the improvement in biliary drainage techniques, mortality in cholangitis has declined (7) . In the present study, we explored factors associated with the use of different biliary drainage modalities as treatment for cholangitis, as well as utilization trends over a decade.
Several of our findings are noteworthy. First, our results demonstrate an important variation in outcomes according to the biliary drainage treatment received by patients. Specifically, the rates of inhospital mortality, HC and LOS were lower in the ERCP group, relative to the surgical and percutaneous drainage groups. Although patient selection may have contributed, we attempted to adjust for Continued on next page patient and institutional factors; furthermore, this finding was previously reported in the randomized controlled trial by Lai et al (2), which supported ERCP as the gold standard for biliary drainage in cholangitis. It is also noteworthy that 43.0% of patients did not undergo drainage during the index procedure. Some of these patients likely represent cases of mild cholangitis who were eventually treated with elective outpatient decompression (8), which is not recorded in the NIS. This hypothesis would account for the lower rates of HC and LOS noted in this group. Alternatively, it is also possible that the remaining patients in the group were sicker at presentation or did not receive appropriate drainage (9) , explaining the higher rate of mortality relative to the ERCP group. Second, we show that the use of endoscopic drainage, as a treatment for cholangitis, has been rising in the past decade. During the same period, there was a steep fall in the use of surgical biliary drainage, and a modest decrease in the use of percutaneous and no drainage during the index admission. These observations are expected, given the findings of the Lai trial (2) and other series from the same years (10) (11) (12) . Although the temporal trends of ERCP utilization have been described in the past (13) , to our knowledge, the current study represents the first analysis of temporal trends of biliary drainage approaches in the context of acute cholangitis.
Third, we identified hospital characteristics associated with the use of different biliary decompression methods. We found that patients admitted to hospitals with high volumes of admission for cholangitis and/or located in urban settings were less likely to undergo surgical drainage and more likely to undergo ERCP and percutaneous drainage. Similarly, large hospital and teaching hospitals were more likely to perform endoscopic or percutaneous biliary drainage. These findings may be due to a referral bias, in which more complex cases are selectively referred to centres of excellence where state-of-the-art treatments are available. It is also possible that the lack of endoscopic and percutaneous expertise in some areas could have prevented these procedures from being performed. In fact, within the current study, increasing hospital caseload portended a higher likelihood of undergoing ERCP and percutaneous drainage. Conversely, patients admitted to small hospitals with low volume of admission for cholangitis in rural, nonteaching settings were less likely to receive biliary drainage during the index admission. This could be explained by a combination of factors. These patients may be younger, healthier, exhibit a less severe presentation and are able to safely receive elective biliary drainage. Alternatively, as discussed above, some of them may also have been too sick to receive timely treatment or require transfer in a more specialized centre.
Certain patient characteristics were also associated with specific trends in procedure use. Older age and CCI score were associated with biliary drainage during the admission. As such, we corroborate previous reports that older patients and patients with more comorbidities are likely to be sicker at presentation and to require drainage urgently (14, 15) . Moreover, patients with neoplastic obstruction were more likely to receive no drainage or percutaneous drainage, but less likely to receive endoscopic or surgical drainage than patients with stone disease. In fact, previous investigations have shown that percutaneous drainage is more often required in more proximal biliary obstruction (16) . With regard to race, African Americans were more likely to receive no drainage, while Hispanics, Asians and Pacific Islanders were more likely to undergo biliary drainage during the index admission. Furthermore, more Hispanic -but fewer African American -patients were treated with ERCP compared with Caucasians. Increased ERCP use in Hispanics has already been described (13) and is possibly related to the increased prevalence of biliary stones in that population (17) . Asian and Pacific Islander patients were at increased odds of undergoing surgical drainage relative to Caucasian patients. This may be due to increased prevalence of biliary tract pathologies, such as hepatolithiasis and choledochal cysts (18) , which often require surgical management (19) . Collectively, it is worrisome that despite the decreased risk of periprocedural morbidity of ERCP (2), some patients may be denied such benefits although residual confounding may hamper such interpretation. Specifically, some patients may be denied ERCP based on individual baseline characteristics and sociodemographic variables, as well as the hospital at which they are treated. Collectively, these trends raise questions about possible differential treatment paradigms for cholangitis among centres of excellence and the community. Moreover, they serve as an indication that disparities in treatment remain in routine clinical practice, even in contemporary years. Efforts should be made to more specifically address the causes of these findings and reduce such discrepancies.
Despite its strengths, our study was not devoid of limitations. Limitations include the study design; in fact, observational studies cannot be used as proof of a causal relationship. Some reasons for this are the inability to adjust for important patient variables such as disease characteristics, personal preferences, education and disease severity. Unavailability of individual gastroenterologist, surgeon and interventional radiologist volume data represents an additional limitation, which is shared by several other analyses (20, 21) . It is also possible that the true mortality was underestimated because some patients may have died at other institutions where their mortality was not captured. Furthermore, the accuracy of administrative ICD-9-CM claims data for identification of cholangitis and ERCP has never 
